Introduction
The welding process is considered as one the most important methods of the joining metals which is the most essential part in the engineering industries. Welding is defined by the American Welding Society (AWS) as a localized coalescence of metals or non-metals produced by either heating of the materials to a suitable temperature with or without the application of pressure, or by the application of pressure alone, with or without the use of filler metal [1] . There are many side effects during this process, the temperature changes in the alloy produce solid state transformations, and this change in the solid transformations will lead to changes in the material properties during the evolution of the process. These changes in the material properties within the heating and the cooling stages induce localized volumetric changes. The inhomogeneous elasto-plastic thermal strains will develop in the vicinity of the welding zone. The residual stresses as a result of the thermal strain will cause permanent distortions. Distortions introduce residual deformation that complicates the assembly of welded structures and reduces their quality. Also, in certain applications, this distortion may result in the structure being useless [1] .
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Theoretical background
Thermal analysis:
The governing equation for the three dimension conduction heat transfer according to Fourier's law:
Where T is temperature, thermal conductivity, Q Rate of internal heat generation, density, specific heat. Thermal boundary conditions are heat loss due to convection, taken into account using Newton's law: 
Mechanical analysis

For three-dimension brick element
The governing differential equation for three dimension mechanical problem
For two-dimension plate element The governing differential equation for two dimension mechanical problem
The input data The work of Henson [08] will be used as reference in order to validate the numerical simulations with the experimental results of Henson's work. Therefore, the same properties and welding parameters will be used in this part of work. Three-and two-dimension nonlinear transient heat transfer models are constructed in order to model submerged arc welding for the shown plate with the following characteristic as shown in Figure 1 . 
Thermal Properties
In order to analyze the transient energy distribution, the thermal conductivity, specific heat, and mass density ( Figure 1 ) must be specified. If the heat source is able to make phase transformations the latent heat must be considered. Because of the nature of the welding process, these properties should be given as a function of temperature changes. For the latent heat both solid-liquid and liquid-gas phase changes are considered in this study. The numerical values of these quantities for the steel are shown in Table 1 . Welding Parameters:
The welding parameters for this model are as used in Henson's work. These parameters are shown in Table 2 . 
Heat input Model:
For submerged arc welding, Henson use heat input mode, where the heat input due to the arc was split into three parts: 1) Predefined temperature for the welded material, 2) Surface heat flux, 3) Body heat flux.
In this work, this model will be used because it is validated by the experiment, and because it has detailed description for the heat flux, and finally it simple to apply in the finite element codes [9] . Figure 3 shows this heat input model.
Mechanical properties:
For the structural analysis, the following mechanical properties must be specified. The yield strength curves as a function of temperature and strains is shown in Fig. 4 , whereas modules of elasticity, Poisson's ratio, and thermal expansion are given in Figure 4 , 5. 
Problem's Dimensionality Effect
In order to reduce the time consuming of the simulation, the three dimension problem could be reduced to two dimension one. Shell element model is used to simulate the problem.
Problem's Dimensionality Effect in the Thermal Analysis
By using the shell element in thermal analysis, the simulation is successfully done with good agreement as shown in [10] . For the problems that does not need very accurate results such that where the residual stresses only are needed, two dimension simulation is a practical one especially for the large structures and multi runs welding.
Problem's Dimensionality Effect in the Mechanical Analysis
The following figures show this stresses obtained from the two-and three-dimension model: Figure 6 for the equivalent (von Mises) residual stress, Figure 7 . for the longitudinal residual stress, Figure 8 for the transverse residual stress, and Figure 9 for the shear xy residual stress, indicating good agreement between the two models. Finally, for the strains, the equivalient platic strain is shown in Figure 10 . The normal and shear strains are shown in Figure 11 for the longitudinal residual plastic strain, in Figure 12 for the transverse residual plastic strain, and in Figure 13 for the shear residual plastic strain. 
Integration Scheme Effect in the Mechanical Analysis
In some cases like welding the stable time will be very small which will lead to very long time simulation, but, by using mass scaling technique this problem will be eliminated [9] . In the welding simulation, a quasi-static mechanical analysis is sufficient as the inertia effects in fusion welding processes are negligible as the weld pool is simplified considerably. Therefore, the mass scaling factor could be very high. In this study, the scaling factor was 10 7 ; the accuracy of the result was good as shown in Figure 14 for the equivalent (Mises) residual stress, 15 for the longitudinal residual stress, and Figure 16 . for the transverse residual stress. One important issue in this method, the cooling stage step should be done by the implicit scheme because it has long time to finish. Figure 17 shows the distribution of the longitudinal stress along path on the middle of the plate. The results for stress of the explicit and the implicit integration are almost identical. consuming during the analysis. Different methods are used in this work in order to reduce time consuming. These methods are according to the dimensionality of the problem and the integration scheme.  The one of research issue of central importance in developing the numerical approach is how to reduce time consuming. This work shows that it is possible to used two dimension shell element instead of three dimensional one with reasonable accuracy. There is some limitations in this method, it is not practical where the very accurate result is needed such in weld pool studies, and it is depend on the structure itself if it is plate or shell one or not.  The second approach is by using explicit scheme instead of implicit scheme. This approach is very efficient one. By using mass scaling technique, it is possible to reduce the time consuming during the analysis by several orders in some cases.
